I. Studies were done on the effect of ascorbic acid and five amino acids (histidine, cystine, cysteine, valine and glutamic acid) on intestinal iron absorption in a group of ninety Egyptian infants and young children, of which fifty-seven were healthy controls and thirty-three were suffering from Fe-deficiency anaemia.
The protein content of the diet is believed to affect intestinal iron absorption (Conrad, Foy, Williams & Knospe, 1967) . By changing the diet of animals from lowto high-protein, Higginson, Grady & Huntly (1965) found an increase in the absorption of radioactive Fe from the gut. This promoting action on Fe absorption may be partly the result of the action of free amino acids released from dietary proteins. The effect of amino acids on the process of Fe absorption in the intestine was studied in animals by several workers (Kinney, Kaufman & Klavins, 1962 ; Van Campen & Gross, 1969) . Martinez-Torres & Layrisse (1970) found that absorption of Fe from black beans was doubled when they were fed together with either fish or with an amino acid mixture similar quantitatively and qualitatively with that present in IOO g fish.
Although there is an adequate supply of Fe in the diet of Egyptians, anaemia of various aetiologies is frequent, especially during infancy and childhood (El-Shobaki, Better absorption and, therefore, utilization of dietary Fe might result from supplementation with compounds that could promote these effects. In the following study we have evaluated the effects of ascorbic acid, and some amino acids (histidine, cystine, cysteine, valine and glutamic acid) on Fe absorption in the intestine.
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Ninety subjects were studied of which fifty-seven were healthy subjects with an age range of 8 months-rz.5 years and thirty-three had Fe-deficiency anaemia and were of an age range of 2.5-9-5 years.
T h e healthy subjects were relatives of the anaemic subjects, and all were hospitalized in the Mounira Children's Hospital, Faculty of Medicine, Cairo University, and El-Mansoura Hospital, Faculty of Medicine, Mansoura University. They were clinically examined and those showing any complications that might interfere with the results were excluded from the study. During their stay in the hospital, the children received the hospital diet containing an adequate supply of nutrients.
An early morning, fasting blood sample ( 5 ml) was taken using an all-glass, sterile syringe and transferred into two tubes: I ml t o a tube containing potassium oxalate ( I ml of a 10 g/1 solution, evaporated to dryness) for determination of the haemoglobin. and packed cell volume, and the remaining 4 ml was retained for separation of the serum to determine serum Fe and total Fe-binding capacity. An oral dose of 4 mg Fe (as ferrous sulphate)/kg body-weight was given to each individual either alone or together with a supplement (500 mg ascorbic acid or I mmol of each of the amino acids : histidine, cystine, valine, cysteine and glutamic acid). Amino acids used were 'extra pure' L-isomers obtained from BDH Chemicals Ltd, Poole, Dorset, and E. NIerck AG, Darmstadt, West Germany. A further blood sample was taken 4 h after administration of the dose, i.e. the time previously found to correspond to maximum absorption (El-Shobaki, El-Hawary, Morcos, Abdel-Khalek, El-Zawahry & Sakr, 1972).
The effect of each supplement was tested using groups of individuals. For the fiftyseven controls the treatments were : seventeen ferrous sulphate, seven ascorbic acid, five histidine, six cystine, seven valine, seven cysteine and eight glutamic acid. For the thirty-three anaemic subjects the treatments were : nine ferric sulphate alone, and five, seven, six and six received the same Fe dose plus ascorbic acid, cystine, histidine or valine respectively, in the same amounts as the corresponding controls.
Haemoglobin was determined by the method of Wong (1928), and serum Fe and total Fe-binding capacity were estimated by the methods described by Ramsay (1957% b). Table I , values for haemoglobin and packed cell volume for healthy Egyptian children ranged from 96 to 14 g/1 (mean and SE I I 1-4 5 1.7) and 0.30 to 0.42 (0.33 -+_ 0.003) respectively. For anaemic children, the values for haemoglobin ranged from 47 to IOZ g/1 (mean 76 k 2) and for packed cell volume ranged from 0.18 to 0.30 (mean 0.24 k 0.005). Serum Fe levels (pmol/l) of healthy subjects ranged from 9.85 to 20.8 (mean 15-4k 0-41) as compared with 5'37-10'0 (mean 8.2 k 0.21) for anaemic subjects. T h e total Fe-binding capacity (pmol/l) of controls ranged from 22.9 to 58.6 ( cases, values for total Fe-binding capacity had increased to 53-7-77'3 (pmol/l) (mean 62.8 ! C 0.34) and the percentage saturation of transferrin was 13-2 & 0.46.
RESULTS
As shown in
There was an increase in serum Fe levels 4 h after administration of ferrous sulphate, which was greater in the anaemic children ( Table 2 ). The rate of Fe absorption was also increased in the presence of ascorbic acid, histidine and valine supplements in the order valine > ascorbic acid > histidine. Cystine, cysteine and glutamic acid had no significant effect. The level of serum Fe 4 h after the dose and the 4 h:fasting serum Fe ratio for the different treatments in both groups are shown in Table 2 .
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D I S C U S S I O N
A promoting action of amino acids on Fe absorption has been studied in animals by many workers (Kroe, Kinney, Kaufman & Klavins, 1963 ; Miller, 1972) . Callender (1971) suggested that results obtained in animals should not be extrapolated too readily to man. Similar studies in man, especially in infants and young children, are of great value.
Mean haemoglobin level ( I I 1-4 ri: 1.7 g/l) and packed cell volume (0'33 t OO' O033) for our control subjects were similar to those reported by El-Nabawy, Gabr &. Ragab (1961) For anaemic subjects, the values for haemoglobin and packed cell volume were found to be about 70 yo of those for healthy control subjects; the serum Fe level was 49.1 yo of the control value. The total Fe-binding capacity was higher than that of the controls. This, together with the low percentage saturation of transferrin, may be an adaptive mechanism of the body to absorb Fe when it is greatly needed, as indicated by the marked increase in the serum Fe as a result of increased absorption after the oral dose. The significant increase in Fe absorption (Table 2) after the administration of ascorbic acid may have been due to the formation of a soluble Fe-chelate (Charley, Sarker, Stitt & Saltman, 1963 ; Pollack, Kaufman & Crosby, 1964) , and possibly also to the reducing action of ascorbic acid (Brise & Hallberg, 1962) .
Supplementation of the Fe dose with I pmol histidine in healthy subjects produced a similar effect to that of ascorbic acid; the value for 4 h:fasting serum Fe levels was 3-04 compared with a value of 3.01 for healthy subjects given Fe plus ascorbic acid. Van Campen (1972) suggested that histidine binds ferrous Fe strongly, forming a stable ring complex which seems to be necessary to maintain it in a soluble and permeable form. He found that ascorbic acid not only improves Fe absorption when added alone to the solution administered to the subjects, but also when added to the diet; histidine is effective only when added to the Fe solution.
Valine had the greatest promoting effect on Fe absorption of all the compounds used; the value for 4 h:fasting serum Fe levels was 3-3 compared with a value of 2.14 for Fe given alone. This may have been due to the important role of valine in Fe metabolism. Valine is the N-terminal amino acid in the molecule of transferrin (Stark & Smyth, 1963) .
It is concluded that dietary supplementation with one of the compounds that proved to promote intestinal Fe absorption, along with haematinics, would be of great value in the treatment of the Fe-deficiency anaemic state. Also supplementation may improve the absorption and utilization of Fe when Fe is present at the minimum recommended level in the diet of the general population.
